Abstract Most nasopharyngeal carcinomas (NPCs) in a high-incidence population are driven by Epstein-Barr virus (EBV) infection. EBV-associated malignancies have increased expression of the programmed death-ligand 1 (PD-L1). Immunotherapy agents targeting the PD-1/PD-L1 pathway have achieved durable treatment effects in patients with various cancer types including EBV-associated malignancies. In this study, we sought to investigate PD-L1 expression in a cohort of patients with NPCs from the Philippines. Fifty-six NPCs were studied for PD-L1, p16, and DNA mismatch repair (MMR) deficiency by immunohistochemistry. One case with MMR deficiency was also assessed for microsatellite instability (MSI) by polymerase chain reaction. EBV and human papillomavirus (HPV) status were tested by in situ hybridization. All NPCs were p16 negative. Three of the 56 NPCs (5%) were EBV negative (EBV-) and HPV negative, while one NPC (1/56, 2%) was EBV positive and showed MSI (EBV?/MSI). Positive PD-L1 expression (PD-L1?), defined as membranous staining in C1% tumor cells, was seen in 64% (36/56) of NPCs. All three EBV-NPCs were PD-L1? as was the EBV?/MSI NPC. PD-L1? was seen significantly more often in NPCs from non-smokers than those from smokers (23/28, 82% vs 9/18, 50%; P = 0.047). PD-L1? was not associated with pT, pN, distant metastasis, or clinical stage (P [ 0.05). PD-L1? was not associated with overall survival (P = 0.473). In summary, our results show frequent PD-L1 expression in NPCs regardless of EBV status and a preferential PD-L1 expression in non-smokers. MSI and HPV positivity are exceedingly rare in NPCs.
Introduction
Nasopharyngeal carcinoma (NPC), a rare disease in Western countries, occurs with a high frequency in southern China and Southeast Asia, Northern Africa, and Alaska [1] . Epstein-Barr virus (EBV) has been implicated in the pathogenesis of most NPCs [2] . Although the 5-year survival rate in early stage disease is over 80% with chemoradiation, the 5-year survival rate in stage IV disease is less than 10% [3] , suggesting a need for better treatment strategies.
The programmed death 1 (PD-1)/PD-ligand 1 (PD-L1) immune checkpoint is one of the mechanisms employed by cancer cells to evade T cell mediated endogenous antitumor responses [4] [5] [6] [7] . Immunotherapy agents targeting the PD-1/PD-L1 pathway have achieved durable treatment effects in patients with various cancer types including EBV-associated malignancies [5, 6, [8] [9] [10] . Positive tumor PD-L1 expression by immunohistochemistry in pre-treatment specimens is thought to be predictive of clinical response [5, 9] .
Most NPCs are characterized by numerous transmigrating lymphoid cells. PD-L1 expression was described in other EBV-associated malignancies [11] [12] [13] and several studies have reported positive PD-L1 expression in 25-89% of NPCs [14] [15] [16] [17] . In contrast to EBV-associated gastric adenocarcinomas in which expression of PD-L1 protein may result from PD-L1 gene amplification [18] , NPCs do not have PD-L1 gene copy number change [19] . PD-L1 expression is shown to be associated with either constitutive oncogenic activation mediated by EBV-encoded latent-membrane protein 1, or through interferon-c signaling pathways [16] .
PD-L1 expression has also been associated with overall survival (OS) and disease-free/progression-free survival (DFS/PFS) mostly in Chinese ''NPC'' patients [15] [16] [17] . Fang et al. [16] reported that positive PD-L1 expression in NPCs was not associated with pT, pN, or clinical stage but was an independent prognostic factor for DFS in a patient cohort collected from Guangzhou, China. In contrast, Hsu and colleagues reported that in NPC patients from Taiwan, PD-L1 expression was not associated with either OS or DFS [15] . These results suggest regional/geographic differences in PD-L1 expression in NPCs and, therefore, additional studies on PD-L1 expression in different patient populations are warranted.
In addition, the frequency and clinicopathologic correlates of microsatellite instability (MSI) in NPCs appear to vary with geographic origin of patients, methods, and specific markers used for MSI detection [20] [21] [22] . The relationship between and the contribution of MSI, EBV and Human papillomavirus (HPV) to NPC pathogenesis remain unknown. In this study, we retrospectively characterized a cohort of patients with NPCs from the Philippines, studied MSI, EBV and HPV status, PD-L1 expression, and correlated PD-L1 expression with clinical outcome.
Materials and Methods

Case Selection
This study was approved by the Institutional Review Board. Surgical pathology archives of the Institute of Pathology, St. Luke's Medical Center, Quezon City, Philippines between 2008 and 2011 were searched for consecutive cases of NPCs. Cases with available formalin fixed paraffin embedded (FFPE) tissue blocks were included in this study. Hematoxylin and eosin (H&E) stained slides of each case were reviewed and the corresponding pathologic findings were recorded. These included the histologic classification and the pathologic TNM staging (tumor, lymph node, and distant metastasis) [23] . Corresponding clinical data including patient age, sex, treatment, and follow-up information were collected. Overall survival was the primary endpoint.
Tissue Microarray Construction
Tissue microarrays (TMAs) were constructed by transferring 2 mm cores from each donor block to a blank recipient paraffin block using a manual tissue arrayer (MTA-1; Beecher Instruments, Sun Prairie, WI). Initial DNA mismatch repair (MMR) protein immunohistochemistry, p16 immunohistochemistry, and EBER in situ hybridization (ISH) were performed on TMAs. All negative EBER ISH and loss of MMR proteins were corroborated by repeated studies of whole tissue sections.
Immunohistochemistry
Immunohistochemical labeling was performed on 4 lM sections using the Ventana Benchmark Ultra platform automated stainer (Ventana Medical Systems, Tucson, AZ) according to the manufacturer's recommendations.
PD-L1 (clone SP263, Ventana) staining was scored similar to those reported previously in other cancer types [4, 5] . In particular, a membranous PD-L1 staining pattern in tumor cells was considered as specific staining (Fig. 1) . Positive PD-L1 expression in this study was defined as membranous staining in 1% or more tumor cells. The numbers of cases with membranous PD-L1 staining in 0% of tumor cells, [0% but \1% of tumor cells (0-1%), C1% but \5% of tumor cells (1-5%), and C5% but \10% of tumor cells (5-10%) were recorded accordingly. For cases with membranous PD-L1 staining in C10% of tumor cells, the percentage of tumor cells demonstrating membranous PD-L1 staining was scored in 10% increments.
Immunohistochemical stain with antibody against p16 (clone: INK4a, MTM, Heidelberg, Germany) was considered positive when 80% or more tumor cells showed strong diffuse nuclear and cytoplasmic staining.
DNA MMR protein immunohistochemistry stains with antibodies against MLH1 (clone G168-728, Ventana), PMS2 (clone EPR3947, Cell Marque), MSH2 (clone G219-1129, Ventana), and MSH6 (clone 44, Ventana) were interpreted as preserved/retained when nuclear staining was seen in tumor cells. When all four stains showed preserved expression, the tumor was thought to be MMR proficient and microsatellite stable (MSS). When loss of nuclear staining was seen in tumor cells, the tumor was thought to be MMR deficient with microsatellite instability (MSI).
Polymerase Chain Reaction for Microsatellite Instability
For the one NPC with loss of MLH1 and PMS2 expression by immunohistochemistry, tumor and the corresponding normal DNA samples were extracted from FFPE tissue and polymerase chain reactions (PCR) using commercial probes targeting three mononucleotide markers (BAT26, BAT25, and CAT25) and three dinucleotide markers (D5S.346, D17S.250 and D2S.123) were performed on tumor and normal DNA samples to test for MSI as previously described [24] .
In Situ Hybridization
All cases were tested for EBV by ISH using pre-diluted probes targeting EBV encoded early RNA (EBER, Ventana) using the Ventana XT automated stainer. All cases tested for EBER were also tested for the integrity of total RNA using RNA control probe and all showed adequate total RNA preservation. EBER ISH was repeated on whole tissue sections for cases that were EBER negative on TMA sections. The three EBV-negative carcinomas were further tested for HPV by ISH as described previously [25] .
Statistical Analysis
The IBM SPSS (Release 23.0.0.0) and the GraphPad Prism Ò 7 for Windows Version 7.00 (GraphPad Software, Inc., La Jolla, CA) were used for statistical analyses. A Pvalue less than 0.05 (P \ 0.05) was considered statistically significant. 
Results
Clinical and Histopathologic Characteristics
The majority of the 56 NPCs (43, 77%) were diagnosed in men ( Table 1 ). The mean age at diagnosis was 48.7 years (range, . Almost all patients (54/56, 96%) received chemoradiation treatment. Four of the 56 patients (7%) deceased and 2 patients (4%) had disease recurrence (alive Table 1 
HPV, EBV, and MSI in Nasopharyngeal Carcinomas
All 56 NPCs were negative for p16, the surrogate marker for HPV [26] . Fifty-three of the 56 NPCs (95%) were EBV positive ( Table 2 ; Fig. 1 ). The three EBV-negative NPCs (5%) were also HPV negative by ISH. Furthermore, 1 EBV-associated NPC (2%) had loss of MLH1 and PMS2 by immunohistochemistry (Table 2 ; Fig. 2 ). PCR revealed microsatellite instability at three markers (D5S.346, D17S.250, and BAT26), indicating that the carcinoma was MSI-high (Fig. 3) .
PD-L1 Expression in Nasopharyngeal Carcinomas
Membranous PD-L1 staining was observed in either a large cluster of tumor cells (Fig. 1c) or in tumor cells at the invasive tumor front/tumor-stroma interface (Fig. 1d) . Positive PD-L1 expression (PD-L1?) was seen in 36 of the 56 (64%) NPCs (Tables 1, 2 and Supplementary Table 1 ). In addition, PD-L1 staining in 50% or more of tumor cells was seen in 13 (23%) NPCs, while 4 (7%) carcinomas showed PD-L1 staining in almost all tumor cells (90-100%). All three EBV-negative NPCs were PD-L1? as was the EBV-positive MSI NPC (Table 2) .
When stratified by PD-L1 expression (Table 1) , only tobacco use was significantly associated with PD-L1 expression (P = 0.047). The majority (23/28, 82%) of the PD-L1? NPCs were diagnosed in non-smokers. In contrast, only half (9/18) of PD-L1-carcinomas were diagnosed in non-smokers. No significant associations were found between PD-L1 expression in NPCs and pT, pN, distant metastasis, clinical stage, or alcohol use. Univariate Cox regression analysis showed PD-L1? was not associated with OS (hazard ratio: 0.488, 95% confidence interval: 0.068-3.474, P = 0.473) ( Table 3 ; Fig. 4) .
PD-L1 staining in C5% of tumor cells was frequently used to define PD-L1 positivity in retrospective studies [4, 27] as well as clinical studies on PD-1/PD-L1 blockade in other solid tumors [5, 8, 9] . In our cohort, when PD-L1? was defined as C5% of tumor cells with membranous staining, 30 of the 56 (54%) NPC were PD-L1?. PD-L1 positivity ([ or equal to 5%) was not associated with smoking, drinking, pT, pN, distant metastasis, or clinical stage (Supplementary Table 2 ). PD-L1? with C5% cut-off was not associated with OS by univariate Cox regression analysis (hazard ratio: 0.777, 95% confidence interval: 0.109-5.539, P = 0.801) ( Table 3 ). Regression analysis was not performed for DFS because the number of patients with recurrence was too small. 
Discussion
In this study, we report that approximately two-thirds of the 56 NPCs in patients from Philippines were PD-L1 positive. Positive PD-L1 was identified in carcinomas across all stages, in both EBV-positive and EBV-negative NPCs and in one carcinoma that was both EBV-positive and MSI. PD-L1 positivity was not associated with regional lymph node or distant metastasis. Although patients with PD-L1 positive NPC had lived longer compared with patients with PD-L1 negative carcinoma, PD-L1 positivity was not a significant predictor of OS. Positive PD-L1 was significantly more often seen in NPCs from non-smokers. Cigarette smoking has been reported as one of the non-dietary environmental risk factors for NPCs [28] . The exact mechanism of how smoking may affect PD-L1 expression in NPCs is unknown. However, in lung cancer, PD-L1 expression is more often seen in adenocarcinomas from female never/former smokers [29] . In addition, current smoking status was reported to be associated with increased response to anti-PD-1 therapy in non-small cell lung cancer [30] . Cigarette smoking has been shown to cause increased somatic mutation burdens in several cancer types including head and neck squamous cell carcinomas [31] . The association between smoking and PD-L1 in NPCs observed in our cohort should be explored further.
We also report 1 NPC that was both EBV-positive and showed MSI. EBV-positive/MSI NPCs have been reported in patients collected from the Unites States (2/9, 22%) [22] and by Trimeche et al. [20] in patients from Tunisia (8/49, 16%). Current literature suggests that EBV infection is an early event in the pathogenesis of EBV-positive NPCs [2, 32, 33 ]. An in vitro study with NPC and other epithelial cell lines showed that EBV DNase BGLF5 can induce DNA strand breaks and decrease expression of MMR proteins leading to MSI [34] . The in vitro findings suggest that EBV infection may happen first in the pathogenesis of NPC and MSI can be induced by EBV. In addition, our results confirm findings of other studies [14] [15] [16] [17] that positive PD-L1 expression is frequent in NPCs, but is not associated with clinicopathologic parameters. Although it was previously reported as an independent predictor of survival [16] , in our cohort from the Philippines, positive PD-L1 expression was not associated with OS. Compared with the other studies [15] [16] [17] , fewer patients in our study had disease recurrence/progression and more patients received both chemotherapy and radiation. On the other hand, our cases were a consecutive collection over 3 years and were diagnosed in patients at a wide age range, in both males and females, and across all clinical stages (stages I-IV). Therefore, we believe the cohort is representative of the local patient population. In addition, it is important to note that the PD-L1 monoclonal antibody used in our study is different from antibodies used in previous reports. These studies have used a number of monoclonal antibodies for immunohistochemistry and immunofluorescence and a variety of different scoring schemes/criteria to define positive PD-L1 expression [14] [15] [16] [17] . Therefore, a more detailed comparison of our results with those reported in literature is difficult.
Limitations of this study include its retrospective nature and its relatively small sample size from one region of the Philippines. For instance, the patients in this study are all from one island of the Philippines-Luzon-and studies that will include the other regions (e.g., Visayas and Mindanao) may better describe and validate current findings. Possible collaborations with other Southeast Asian countries would result in a more extensive verification of these findings. In addition, since none of the patients in this study received PD-1/PD-L1 blockade treatment, the value of PD-L1 expression in predicting clinical response to such therapy can only be examined in future studies.
In summary, Philippine NPC patients are almost always EBV-positive and HPV-negative. We have reported an association between PD-L1 expression and smoking in a cohort of Philippine patients with NPC. Although it can be seen in both EBV-positive and EBV-negative carcinomas, positive PD-L1 expression is not associated with overall survival. We also report one NPC with both EBV positivity and microsatellite instability.
